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Cognitively characterized young and aged beagle dogs were administered six different spontaneous behavior
tests, which provided measures of locomotion, exploration, and social interaction. Consistent with our
previous findings, we obtained no overall effect of age on locomotion. We did find, however, that for the
aged dogs locomotion correlated with level of cognitive function, being lowest in age-unimpaired dogs and
highest in impaired dogs. Exploratory behavior, as measured by response to novelty, varied with age, with
young dogs scoring the highest. Young dogs spent more time with novel toys and a person, responded more
to a silhouette of a dog, and interacted more with a model dog compared to aged dogs. Among the aged
dogs, age-unimpaired dogs spent the greatest amount of time sitting or standing beside a person whereas
age-impaired dogs spent the most time reacting to a reflection in a mirror. The age-impaired dogs show
undirected, stereotypical types of behavioral patterns. These differences in activity patterns may be linked to
underlying age-associated neuropathology.

Cognitive deficits in aging have been studied extensively in
a wide range of species. Typically, however, the variability
among aged animals within a species is extensive, and only
a limited number show marked behavioral deficits (Ingram
1988; Gallagher and Burwell 1989). Several reports have
identified two subgroups of aged animals; one group whose
performance on a variety of behavioral tests does not differ
from that of young animals and a second group whose per-
formance is dramatically worse compared to young animals
(Gallagher and Burwell 1989; Rowe et al. 1998; Adams et al.
2000b). Other aspects of behavior are also affected by age,
and these may be independent of cognition (Gage et al.
1984). Age-related deficits on simple tests of motor function
(wire-grip test, bridge crossing, locomotor activity, sensori-
motor reactivity) were unrelated to impairments in spatial
learning using the Morris water maze (Gage et al. 1984).

Gallagher and Burwell (1989), however, reported that
performance on other behavioral tasks (i.e., recovery from
neophobia) coincided with spatial learning ability in the
Morris water maze. Rowe et al. (1998) also found that cog-
nitively impaired and unimpaired aged rats could be dis-
criminated on the basis of behavioral measures distinct from
those assessing learning and memory. Impaired animals
were less responsive to novel stimuli and exhibited a deficit
in habituation to an aversive stimulus.

The majority of this research has used rodent models.

The present experiment sought to extend these findings to
a higher-level species, the dog (Canis familiaris). Dogs and
humans share similar cardiopulmonary systems, environ-
mental influences, and brain pathology, and studies using
the dog may prove valuable to discern the underlying
causes of age-associated ailments in both species (Cum-
mings et al. 1996). We were particularly interested in a
possible relationship between behavioral activity, explor-
atory behavior, and neuropsychological measures of cogni-
tive function in aged dogs.

Exploratory behavior has previously been considered
to be a kind of instinctive behavior, necessary for survival.
However, researchers now regard exploration to be a high-
level aspect of sensory processing involved in investigating
novel stimuli (Kelley et al. 1989). A novel environment or
novel objects in a familiar environment offer opportunities
to learn and explore (Pierce and Courchesne 2001). Explo-
ration generally involves movement or locomotor activity,
but locomotion includes behaviors such as spontaneous ac-
tivity, exercise, or escape that are unrelated to exploration
(Archer and Birke 1983). Berlyne (1960) distinguished be-
tween specific and diversive exploration. Specific explora-
tion is activity directed towards obtaining selective informa-
tion, whereas diversive exploration is a more general motor
activity elicited by a wide range of internal and external
stimuli. Exploratory behavior is likely dependent on intact
prefrontal cortical-striatal-pallidal circuitry as well as cer-
ebellar function (Pierce and Courchesne 2001).

One method of studying exploration is with the use of
the open field, which involves characterizing an animals’
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behavior in a standardized environmental chamber. How-
ever, the open field test cannot distinguish locomotion per
se from stimulus-directed exploratory behavior because of
the absence of specific external stimuli (Brennan et al.
1982). In fact, several studies have shown that locomotor
activity and exploration can be dissociated. Montgomery
(1953) concluded that exploration is independent from gen-
eral activity when activity deprivation did not lead to an
increase in exploratory behavior. Leyland et al. (1976)
showed that novel and complex stimulation increased ex-
ploration but did not affect locomotor activity in rats. The
correlation between the two types of behaviors was close to
zero. Finally, amphetamine selectively increases locomotion
but decreases exploration (Leyland et al. 1976).

Test situations in which discrete stimuli are present
and distinguishable from the general background provide a
more appropriate means of studying exploration. Berlyne
(1950, 1955) noted that approaches to specific items pro-
vide a more informative measure of exploration than non-
specific approaches to areas in the environment.

Exploratory behavior, independent of locomotion, has
been found to decline with age in rodents (Furchgott et al.
1961; Williams et al. 1966; Brennan et al. 1982; Handa et al.
1996). In the past we have used locomotor activity as a
measure of exploration in dogs. We previously reported
that locomotion in the open field is not significantly af-
fected by age in canines (Head and Milgram 1992; Head et
al. 1997). The present study attempts to distinguish be-
tween exploratory locomotion and stimulus directed explo-
ration and is concerned with the effects of aging on explor-
atory behavior in beagle dogs. We also sought to study the
effect of age on the presence of both artificial
conspecifics and people. Accordingly, we de-
veloped five novel protocols to provide indices
of exploratory and social behaviors. We hy-
pothesized that exploratory behavior would be
related to level of cognitive function. Accord-
ingly, we divided the aged dogs into cogni-
tively impaired and unimpaired, based on neu-
ropsychological tests of cognitive function.

RESULTS

Cognitive Characterization
The aged dogs were classified as cognitively
impaired or unimpaired based on their perfor-
mance on the delayed nonmatching to position
(DNMP) task at 10-, 20-, and 30-sec delays and
on a size discrimination learning task. The
combined error score for both tasks was com-
pared to that of the young dog group. An aged
dog was considered impaired if its score was
greater than two standard deviations from the
mean of the young dog group. An aged dog

with a score less than two standard deviations from the
mean of the young dogs was placed in the unimpaired
group. The mean score and standard deviation for the
young dog group was 80 ± 59.49. Any aged dog with a
score greater than 198.98 was classified as impaired. The
distribution of error scores for the combined error score
and the ages of the dogs are illustrated in Figure 1. The
age-unimpaired group consisted of six males and five fe-
males. The age-impaired group had two males and 10 fe-
males. The correlation between performance on the DNMP
and size discrimination tasks was 0.32.

Open Field Test
A comparison of the old and young dogs’ locomotion, with-
out taking into account cognitive status, revealed no signifi-
cant difference [F(1, 26) = 1.69, P = 0.20] (Fig. 2). Signifi-
cant main effects of age [F(1,26) = 10.11, P = 0.0038] and
sex [F(1,26) = 21.62, P = 0.000085] were obtained for uri-
nation frequency. The interaction between age and sex was
also significant [F(1,26) = 18.97, P = 0.00018]. Young males
urinated significantly more often than young females
(P = 0.00026), old females (P = 0.00018), and old males
(P = 0.00022). A main effect of retest on sniffing frequency
was obtained [F(1,26) = 7.14, P = 0.013]. Sniffing fre-
quency increased from open field test 1 to open field test 2.
A significant interaction between sex and retest revealed
that sniffing frequency increased in the females only
[F(1,26) = 17.25, P = 0.00031]. The interaction between
age, sex and retest was also significant [F(1,26) = 7.77,
P = 0.0098], indicating that sniffing frequency increased in
young females from open field test 1 to open field test 2.

Figure 1 The combined sum of errors required to learn a delayed nonmatching to
position task and a size discrimination learning task are plotted as a function of age
and presence or absence of cognitive impairment.
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The analysis of time spent inactive also revealed a signifi-
cant main effect of age [F(1,26) = 5.31, P = 0.029]. Aged
dogs spent more time inactive than young dogs.

When the aged dogs were subdivided into impaired
and unimpaired, the ANOVA revealed a significant main
effect of group [F(2,27) = 3.89; P = 0.033] on locomotion
(Fig. 2). The age-unimpaired dogs showed less locomotion
than the young (P = 0.058) and age-impaired (P = 0.067)
groups.

Mirror Test
The ANOVA revealed a significant main effect of retest
[F(1,26) = 16.48, P = 0.0004] for frequency of sniffing the
mirror reflection. Sniffing frequency decreased from mirror
test 1 to mirror test 2.

When the analysis considered cognitive status, signifi-
cant main effects of group [F(2,27) = 4.32, P = 0.024] and
retest [F(1,27) = 5.16, P = 0.031] appeared for the amount
of time spent interacting with the mirror reflection. As
shown in Figure 3, the age-impaired dogs spent significantly
more time interacting with the reflection than the age-un-

impaired dogs (P = 0.018). Interaction time decreased from
test 1 to test 2.

Human Interaction Test
The analysis of the amount of time spent in physical contact
with the person revealed significant main effects of age
[F(1,26) = 7.64, P = 0.010] and retest [F(1,26) = 10.35,
P = 0.0034]. Young dogs spent more time in contact with
the person than old dogs, and contact time decreased from
human interaction test 1 to test 2. The interaction between
age and retest was significant [F(1,26) = 7.36, P = 0.012],
indicating that contact time decreased for the young dogs
only from test 1 to test 2, whereas the aged dogs showed no
change. The three-way interaction between age, retest, and
sex was also significant [F(1,26) = 4.51, P = 0.043]. Contact
time decreased from human interaction test 1 to test 2 in
the young female dogs.

The analysis of time spent beside the person revealed a
significant main effect of age [F(1,26) = 4.59, P = 0.042]
and an age by sex interaction [F(1,26) = 4.45, P = 0.045].
Aged males spent significantly more time beside the person
than young males (P = 0.025) and aged females (P = 0.017).
No significant effects were obtained for the frequency of
sniffing the person in the room.

Cognitive status affected the responses of the dogs to
the person. The analysis of the amount of time spent in
physical contact with the person revealed significant main
effects of group [F(2,27) = 4.23, P = 0.025] and retest
[F(1,27) = 5.094, P = 0.032]. The young dogs spent more
time in contact with the person than the age-unimpaired
(P = 0.050) and the age-impaired (P = 0.029) groups.

The analysis of the amount of time that the dogs spent
sitting or standing beside the person revealed a significant
main effect of group [F(2,27) = 6.71, P = 0.0043]. The age-

Figure 3 Time in seconds that dogs spent interacting with their
reflection in the mirror. Age-impaired dogs spent significantly more
time interacting with a mirror reflection than age-unimpaired
(P = 0.018) dogs. The young dogs were intermediate between the
two age groups. “a” is significantly different from “b”. Error bars
represent standard errors of the mean.

Figure 2 Locomotion in an open field for young, age-unimpaired
and age-impaired groups. There is no difference between young
and aged dogs in locomotion unless cognitive status is taken into
account. The age-unimpaired dogs showed lower levels of loco-
motion than the young (P = 0.058) and age-impaired (P = 0.067)
groups. Error bars represent standard errors of the mean.
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unimpaired group spent significantly more time near the
person than the young (P = 0.015) and age-impaired
(P = 0.0095) groups (Fig. 4).

Curiosity Test
The analysis of time spent exploring the toys in the test
room revealed a significant interaction between age and
retest [F(1,26) = 4.25, P = 0.049]. The time spent exploring
the objects increased for the young dogs and decreased for
the old dogs. No significant effects were obtained for the
frequency of sniffing the objects.

Taking into account cognitive status, a significant main
effect of group was obtained for amount of time spent in
contact with the objects [F(2,27) = 3.89, P = 0.033]. This
was a result of the young dogs spending significantly more
time in contact with the objects than the age-impaired
group (P = 0.027).

Silhouette Test
The analysis of sniffing the head region of the silhouette
revealed a significant main effect of retest [F(1,26) = 4.72,
P = 0.039]. The interaction between sex and retest was also
significant [F(1,26) = 6.98, P = 0.014], revealing that sniff-
ing decreased from silhouette test 1 to silhouette test 2 in
males only. The analysis of sniffing in the rear region re-
vealed a significant effect of age [F(1,26) = 8.71,
P = 0.0066]. Young dogs sniffed more often than aged dogs.

Cognitive status was related to the animals’ response to
the silhouette. The analysis of sniffing the head region re-
vealed a significant main effect of retest [F(1,27) = 4.73,
P = 0.039]. The interaction between group and retest was
significant at the 0.1 level [F(2,27) = 2.80, P = 0.078]. The
young and age-unimpaired dogs showed less sniffing of the

head region from silhouette test 1 to test 2, while the age-
impaired dogs showed increased sniffing.

Model Dog Test
The analysis of the amount of time spent sniffing the model
dog resulted in significant main effects of age
[F(1,26) = 15.65, P = 0.00059] and retest [F(1,26) = 11.55,
P = 0.0024]. Young dogs spent more time sniffing the
model than aged dogs, and sniffing time decreased from
model dog test 1 to model dog test 2.

The analysis involving cognitive status revealed signifi-
cant main effects of group [F(2,27) = 6.18, P = 0.0066] and
retest [F(1,27) = 8.38, P = 0.0078]. The young dogs spent
significantly more time sniffing the model dog than the age-
unimpaired (P = 0.017) and age-impaired (P = 0.0082)
dogs. Sniffing of the model dog was lower during test 2.

Activity Patterns
To obtain a qualitative assessment of behavior, the activity
patterns were examined. Each dog exhibited a characteris-
tic idiosyncratic pattern of activity, which was similar with
different types of tests. Thus, some dogs showed frequent
jumping in every test, while others showed none. Some
dogs urinated frequently while others rarely did. The young
and age-unimpaired dogs’ path of movements was modified
when different stimuli were placed in the test room. The
movements of the age-impaired dogs did not change with
the various stimuli. These differences are illustrated in Fig-
ure 5.

Test-Retest Reliability
To determine the test-retest reliability of the measures, cor-
relation coefficients were determined for each of the mea-
sures between the two sessions of the same test for all
animals. The results shown in Table 1 illustrate that there
were positive correlations for every measure and all but two
were significant at the 0.05 level.

Intra-Rater Reliability
The procedures developed used direct observation to
sample from a range of behaviors (locomotion, rearing, in-
activity, etc.) rather than using automated methods that do
not distinguish between the different behaviors, that is, lo-
comotion from rearing. To establish reliability of the mea-
surement procedure, the same person (C.T.S.) analyzed
each human interaction test session twice at an 8-month
interval. The results shown in Table 2 indicate that there is
a high degree of consistency and reliability in the behavioral
measures when the same person watches the same test
session twice at an 8-month interval.

DISCUSSION
The present experiment demonstrates first that exploratory
behavior and locomotion are at least partially distinct in

Figure 4 Time in seconds that the dogs spent sitting or standing
beside the person in the human interaction test. The age-unim-
paired dogs spent significantly more time close to the person than
the age-impaired (P = 0.009) and young dogs (P = 0.015). “a” is
significantly different from “b”. Error bars represent standard errors
of the mean.
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dogs and second, that both locomotion and exploratory
behavior vary as a function of age and level of cognitive
function, independently of test environment.

Locomotion
When age was considered independently of level of cogni-
tive function, we found no effect of age on locomotion,
consistent with our previous findings (Head and Milgram
1992; Head et al. 1997). However, the aged dogs showed
extensive variability. When the aged dogs were divided into
cognitively impaired and unimpaired groups, locomotion
was lowest in the age-unimpaired dogs compared to the
young dogs and age-impaired dogs. These findings support
a link between cognitive impairment and behavioral activ-
ity.

An age-dependent decrease in behavioral activity is
widely assumed to provide an index of canine cognitive
dysfunction (Cummings et al. 1996; Ruehl and Hart 1998).
The results of the present study suggest a more complex
relationship. Age-unimpaired dogs exhibited lower levels of
activity than young dogs, but the most severely impaired
aged dogs often showed hyperactivity. However, when we
consider the human literature, this finding is not surprising.
Hyperactivity is often observed in dementia as well as other
disorders such as attention deficit disorder and autism
(Snowden et al. 1996; Hope et al. 1997; Rubia et al. 1998;

Pliszka et al. 2000; Castellanos et al. 2001). As
such, increased activity could be one manifes-
tation of the neurodegenerative changes that
contribute to cognitive impairment.

Increased activity may result from degen-
eration of behavioral control mechanisms in
the prefrontal cortical-striatal-pallidal circuitry.
A disruption in this circuit may release the nor-
mal inhibitory controls on behavior that allow
for appropriate behavioral responses and can
lead to the production of repetitive or stereo-
typical behaviors (Pierce and Courchesne
2001; Sakagami et al. 2001). The functional in-
terconnection between the frontal lobes and
cerebellum also implicates a role for the cer-
ebellum in the maintenance of proper behav-
ioral controls (Pierce and Courchesne 2001).
Thus, the normal age-associated decline in
physical activity produced by a general dete-
rioration in endurance, strength, and coordina-
tion can be disrupted by pathology in the cen-
tral nervous system that leads to a pathological
increase in activity.

Locomotion and Exploration
We operationally defined responses to novel
objects (physical contacts and sniffing of ob-
jects) in the curiosity test as exploratory behav-

ior. The scores on this measure were independent of loco-
motion. The age-impaired dogs were very active but almost
completely ignored the various toys present. Young dogs
contacted the toys significantly more than either of the aged
groups. The age-unimpaired dogs played with the toys to a

Table 1. Test-Retest Correlations

Test Behavioral measure Correlation (r)

Open field Locomotion 0.85*
Urination 0.60*
Sniffing 0.31*
Grooming 0.06
Inactivity 0.64*
Rearing 0.75*
Vocalization 0.38*
Jumping 1.00*

Mirror test Image interaction 0.49*
Image sniffing 0.63*

Human interaction Sniffing person 0.69*
Contacting person 0.65
Beside person 0.71*

Curiosity test Contacting objects 0.57*
Sniffing objects 0.82*

Silhouette test Sniffing head region 0.33*
Sniffing rear region 0.28

Model dog test Sniffing model dog 0.69*

n = 30; *P < 0.05 (two-tailed).

Figure 5 Tracings of the movement patterns of the dogs in the test room. The
activity patterns of the age-impaired dogs did not change with the different tests. This
group showed the same pattern regardless of stimuli present. The young and age-
unimpaired dogs modified their behavior according to the test situation. MR, mirror
test; HI, human interaction test; CU, curiosity test.
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lesser extent, suggesting that the response to novelty de-
clines with age but that normal aged dogs still like to play.

Behavioral Profiles
Taking all of the tests into consideration, young and aged
dogs exhibited distinct behavioral profiles. Young dogs, in
general, show greater responsiveness to any type of modi-
fication of the test environment than aged dogs. The young
dogs spent more time in physical contact with the person
and the objects. The young dogs showed greater sniffing of
the silhouette and model dog. Finally, the young dogs spent
more time reacting to the mirror reflection than the unim-
paired aged dogs.

Distinct profiles also existed for the age-unimpaired
and age-impaired animals. The age-unimpaired dogs spent
the most time beside the person and the least time reacting
to the reflection. They were moderate in the time spent in
contact with the objects and sniffing the model dog and
silhouette. The behavioral profile of the age-unimpaired
dogs was similar to that of the young dogs in that they
responded to changes in the test environment but to a
lesser extent. The unimpaired group displayed appropriate
social responses to the human and artificial conspecifics.
These findings indicate that with normal aging similar types
of responses to various stimuli are present, just diminished.
Aged animals have more experience with stimuli and nov-
elty, and a type of desensitization process may occur over
the lifespan so that although unimpaired aged animals still
respond appropriately, the responses are not as great as
those of a young animal that is still learning and exploring.

The age-impaired dogs were generally unresponsive to
the person, the objects, the silhouette, and the model dog.
The age-impaired dogs’ activity patterns were unchanged
by modifications in the stimuli present in the test environ-
ment. The age-impaired dogs exhibited undirected, random
activity that tends to be stereotypical in that it does not
change in different situations. This group of dogs just

walked around the testing room without reacting to the
assortment of novel stimuli in the room. The lack of explor-
atory behavior exhibited by the age-impaired group may
reflect a specific deficit in the frontal lobes or cerebellum,
as both of these structures have been implicated in respond-
ing to novel stimuli and are functionally interconnected
(Daffner et al. 1998; Pierce and Courchesne 2001). Repeti-
tive or stereotypical behaviors are also correlated with cer-
ebellar and frontal lobe measures (Pierce and Courchesne
2001).

This group spent the greatest amount of time reacting
to the reflection in the mirror. These dogs would jump at,
appear to play with, bark at, and turn and try to catch the
dog in the reflection. Some dogs would look behind the
mirror in an attempt to find the other dog. The unimpaired
dogs, in contrast, showed a rapid habituation. The mirror
test is often used as a test of self-recognition in primates
(Boysen and Himes 1999) and Alzheimer’s patients (Biringer
and Anderson 1992; Grewal 1994; Bologna and Camp
1997). Severe degrees of dementia in Alzheimer’s disease
(GDS > 6) are associated with the inability of patients to
recognize themselves. This is one type of misidentification
syndrome reported in Alzheimer’s patients (Mendez et al.
1992). Misidentification symptoms in Alzheimer’s disease
may be associated with an accentuated degeneration of the
right frontal lobe (Biringer et al. 1989; Forstl et al. 1991;
Mendez et al. 1992). The same mechanisms may be dis-
rupted in the dog. The dogs that exhibited the unique re-
actions to the mirror image are the same ones that showed
excessive levels of locomotion. A disruption in the frontal
lobe circuitry could produce both effects as well as the lack
of response to the novel objects. The frontal lobe in the dog
is the site of the earliest and most consistent signs of amy-
loid deposition with age, and disruption in the behavioral
mechanisms mediated by the frontal lobe is consistent with
the observations reported here (Head et al. 2000).

Social Responsiveness
The human interaction, silhouette, and model dog tests
were designed to examine various aspects of the social be-
havior of the dogs. The human interaction test was designed
to examine the unique social relationship that forms when
dogs interact with humans. The silhouette and model dog
tests were designed to measure what component stimuli of
a conspecific elicit responses. Sniffing of the anal region is
a common reaction to meeting a new dog, and preference
for the facial region is a purely social greeting (Fox and
Weisman 1969). The young dogs were the most socially
responsive group. They sought physical contact from the
person and sniffed the silhouette and model dog to a greater
extent than the aged dogs. The age-unimpaired dogs also
showed more human interaction, and sniffed the silhouette
more often than the age-impaired group. The age-impaired
dogs ignored the person and model dog, and showed an

Table 2. Intra-Rater Reliability of All Measures in the
Human Interaction Test

Behavioral measure in
human interaction test

Test 1 redo
correlations (r)

Test 2 redo
correlations (r)

Locomotion 0.99* 0.99*
Urination 0.99* 0.99*
Sniffing 0.96* 0.90*
Grooming 0.97* 0.98*
Inactivity 0.95* 0.99*
Rearing 0.83* 0.88*
Vocalization 0.99* 0.71*
Jumping n/a 0.99*
Sniffing person 0.95* 0.89*
Contacting person 0.99* 0.99*
Beside person 0.96* 0.99*

n = 30; *P < 0.05 (two-tailed).
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increase in sniffing the silhouette between tests, the oppo-
site result from the young and age-unimpaired group. The
age-impaired dogs appear to have a deficit in social respond-
ing and decreased affection consistent with observations of
geriatric pet dogs (Ruehl and Hart 1998). Disruption of the
behavioral inhibitory mechanisms of the frontal lobes could
be responsible for changes in social behavior.

Conclusions
We can distinguish three different types of behavioral ac-
tivity in dogs: directed, undirected, and stereotypical. Di-
rected activity is oriented toward a goal, that is, exploration
of a room, object, or person. Undirected activity is random
activity. Stereotypical activity is an organized type of undi-
rected activity, repetitive patterns of behavior. Undirected
and stereotypical behaviors are indicative of functional de-
ficiencies in brain systems. Cognitively impaired dogs show
more undirected and stereotypical behavior. Brain pathol-
ogy may disrupt normal control of behavior. Disruption of
the frontal or cerebellar regions can release the normal in-
hibitory controls on behavior leading to nonfunctional re-
petitive behavior instead of normal directed exploration. It
is likely that a dysfunction of the prefrontal cortical-striatal-
pallidal circuitry is involved in the production of the abnor-
mal responses observed in our cognitively impaired aged
dogs.

MATERIALS AND METHODS

Design
Activity tests were conducted every second day in the following
sequence: open field test, mirror test, human interaction test, cu-
riosity test, silhouette test, and model dog test. Each test was given
twice. A total of 12 tests was administered for each dog. Dogs were
administered a delayed nonmatching to position task prior to ac-
tivity testing and a size discrimination task following activity assess-
ments.

Subjects
The study was performed using 7 young (4 males; 3 females) and 23
aged (8 males; 15 females) beagles from the colony at the Univer-
sity of Toronto. The aged dogs ranged in age from 9 to 15, and the
young dogs ranged from 2 to 4 years old. The dogs were individu-
ally housed in 1.07 × 1.22 m pens and maintained on a 12L:12D
cycle. Pens were washed daily between 8:00 am and 10:00 am,
during which time the animals were exercised for 15 minutes.
Water was available ad libitum. Dogs were fed approximately 2
cups of standard laboratory chow daily. All dogs were in good
health at the time of behavioral testing.

Behavioral Test Procedures

Cognitive Testing Procedures
The test apparatus, as described previously (Milgram et al. 1994)
consisted of a wooden box 0.609m × 1.15m × 1.08m, with vertical
aluminum bars at the front, a moveable Plexiglas tray with three
food wells, a small overhead incandescent light, and a wooden
partition containing a one-way mirror and hinged door to separate

the investigator from the animal. The heights of the vertical bars
can be adjusted for each dog to allow access to the food placed in
the tray wells. A dedicated computer program was used for con-
trolling all timing procedures, for specifying the location of the
correct choice, and for capturing data. The test sessions were once
daily.

Cognitive characterization was based on the dogs’ perfor-
mance on two neuropsychological tests, a delayed nonmatching to
position (DNMP) task and a size discrimination learning task (Head
et al. 1995,1998; Adams et al. 2000a,b). Aged dogs were classified
as impaired if the combined error score on the size and DNMP tasks
was greater than two standard deviations from the mean score of
the young dogs.

The size discrimination task used two objects that differed
only in size. The tray was presented with the two objects placed
over the lateral wells. The dog must displace the object that is
associated with the reward, and the choice is based only on the size
of the object. The dogs were given ten trials per day with a 30 sec
interval between trials. Dogs were tested daily until they passed.
The learning measure used was errors made until the criterion was
reached.

The DNMP task is more complex. Each trial of the task in-
volves two components. The first is the sample phase, in which the
dog was presented with a sample object in one of two lateral wells
on the tray. The sample object has a food reward placed beneath it.
The tray was then removed for a delay of 10 sec. After the delay, the
tray was presented a second time with the sample object covering
the same well and a new identical object covering the second well.
The dog was required to go to the object in the new location to
receive the food reward. The dog was considered to have made an
incorrect choice if it came into contact with the sample object that
had previously been presented. The dogs were given ten trials per
day with a 60-sec interval between trials. When the dog passed the
task at the 10-sec delay, it moved on to a 20-sec delay and then a
30-sec delay. The longer delays make the task more difficult. The
memory measure used was errors made to reach criterion for each
delay.

General Activity Testing Procedures
All testing took place in a 3.66 × 3.66 m room containing a sink and
cupboards. There were two large Plexiglas windows and two doors
in the walls of the room. The floor was marked into 32 squares 61
× 61 cm with black electrical tape to facilitate localization of the
animal’s position (two squares were located under the sink). The
floor and base of the walls and cupboards were cleaned with a
detergent solution prior to each test to prevent odor cues from
other dogs affecting the animal’s behavior. All windows were cov-
ered with black plastic excluding a small area for observing and
videotaping the dogs. Test sessions were 10 min in duration. The
dog was released into the room through one of the doors, and an
observer located outside of one window used a video camera to
record behavior. To minimize variability and bias, the same person
(C.T.S.) performed all of the behavioral observations. The video-
tapes were analyzed with a dedicated computer program (see Head
and Milgram 1992) that provided quantitative measures of locomo-
tion, directed sniffing, urination, inactivity, grooming, rearing, vo-
calization, and jumping. The measures recorded were total distance
for locomotion, total time for grooming and inactivity, and the
frequency of occurrence for sniffing, urination, rearing, vocalizing,
and jumping.
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Open Field Test
For the open field test, a profile of the animal’s total behavior
pattern in an empty room over a 10-min period was obtained.

Mirror Test
A mirror was placed against one wall of the test room. The mirror
was secured to the wall and cleaned between tests. Additional
behavioral measures for this test were time spent reacting to the
reflection and frequency of sniffing the reflection. The mirror test
was originally developed by Gallup (1968,1970) as a test of self-
recognition in primates. We examined the reaction of each dog to
the presence of the mirror.

Human Interaction Test
This test assessed the reaction of the dog to the presence of a
person and has previously been described (Head et al. 1997). A
person sat in the center of the room and was instructed to sit on the
floor at a fixed position and avoid responding to the dog. The
additional behavioral measures were the total amount of time of
physical contact, total amount of time standing or sitting beside the
person without making contact, and frequency of sniffing the per-
son.

Curiosity Test
Seven distinct objects were placed in fixed positions in the room.
The objects were cleaned with a detergent solution before each
test. The objects included a hanging tennis ball, a knotted chew
rope for dogs, a large plush squeaky ball, a rubber squeaky fire
hydrant, a plush squeaky gerbil, a plush squeaky jack, and a hanging
purple plush dinosaur. All of the objects were commercially avail-
able from the local pet store. The behavioral measures taken in-
clude the total amount of time in physical contact with the objects
and frequency of sniffing the objects. Each dog was allowed to
freely examine the objects to assess its’ reaction to novel objects.

Silhouette Test
A black, laminated cardboard figure of a dog was secured to one
wall. The silhouette was cleaned between tests. The behavioral
measures included frequency of sniffing the head region and fre-
quency of sniffing the rear region of the silhouette. This test was
intended to provide measures of social responsiveness to a conspe-
cific (Fox and Weisman 1969).

Model Dog Test
A life-size sandcast model of a golden retriever was placed in a fixed
position in the center of the room. The model was cleaned be-
tween tests. The behavioral measures included time spent sniffing
the model dog. This test was intended to provide measures of social
responsiveness to a conspecific.

Data Analysis
The data were analyzed using a three-way analysis of variance
(ANOVA) with age and sex as between-subject factors and retest as
a within-subject factor. Tukey’s HSD post hoc test was used for
multiple comparisons. A subsequent analysis examined the effect
of cognitive status of the aged dogs on behavior using a two-way
ANOVA with group (young, age-impaired, age-unimpaired) as a be-
tween-subject factor and retest as a within-subject factor, because
each test was performed twice. Tukey’s HSD post hoc test was used
to compare the three groups of dogs when a significant main effect
of group was obtained. Test-retest and intra-rater reliability were
assessed using Pearson product correlation coefficients.
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